pared to the general population [9, 10] . Renal failure increases the risk of cardiovascular complications fivefold, whereas dialysis -twentyfold.
INTRODUCTION
Diabetic nephropathy is one of the major complications of both type 1 and 2 diabetes mellitus; it is also at present one of the main causes of renal replacement therapy world -wide. The number of diabetic patients who are hemodialyzed has increased by 20% over the past 10 years, which is linked to both the wide availability of renal replacement therapy and ageing of society [1 -4] .
Cardiovascular complications induced by accelerated development of atherosclerosis constitute even up to 50% of all the causes of mortality in hemodialyzed diabetic patients. The longest number of cardiovascular complications are found in the youngest patients [5 -8] .
Patients with diabetes -induced renal failure are at risk of both diabetes -specific complications and those tied to renal failure and renal replacement therapy, such as proteinuria, fluid retention, anemia, hyperthyroidism, hyperhomocysteinemia, oxidation stress, chronic inflammatory state and coagulation disorders. Coexistence of renal failure, diabetes mellitus and cardiovascular diseases carries poorer prognosis and survival as com-lyzed 3 times a week for 0.5-12 years (a median of 2.8 years). 27 patients (94%) were dialyzed through the arterio -venous shunt, whereas the other subjects -through the Perm -Cath intravenous catheter. They had been treated for diabetes mellitus for 12-26 years (a median of 17.7 years). They all received subcutaneous insulin. 3 individuals (10%) were cigarette smokers.
Group 3 was composed of 50 patients (21 women and 29 men) with pre -dialysis chronic renal disease (GFR <60 ml/min) from 20-84 years old. The duration of renal failure from the time of diagnosis was 0.5-18 years (a median of 3.3 years). The causes of renal failure were: glomerulonephritis (n = 11), chronic pyelonephritis (n = 4), arterial hypertension (n = 8), amyloidosis (n = 4), injury (n = 1), congenital defects of the urinary system (n = 1), nephronophtisis (n = 1), polycystic kidneys (n=1), obstructive nephropathy (n = 3), systemic lupus erythematosus (n = 2), neoplasm (n = 2), infection -induced renal damage (n = 1), urinary lithiasis (n = 2), glycol intoxication (n = 1), ankylosing spondilitis (n = 1) and hemolytic uremic syndrome (n = 1). In 6 cases the cause of end -stage renal failure was unknown. 20 subjects (40%) were cigarette smokers.
Group 4 was composed of 50 patients (24 women and 26 men) with pre -dialysis nephropathy induced by type 2 (n = 45) and type 1 (n = 5) diabetes mellitus from 36-82 years old. They had been treated for diabetes mellitus for 3-33 years (a median of 18.4 years) The duration of renal failure since the moment of diagnosis was 0.5-10 years (a median of 2.6 years). 20 patients (40%) were cigarette smokers. All the patients received subcutaneous insulin.
In the groups studied the following variables were determined using standard laboratory methods carried out in the hospital laboratory: complete blood count, blood urea nitrogen, creatinine prior to hemodialysis as well as in the pre -dialysis period, glucose, total cholesterol, triglycerides, low-density lipoproteins (LDL), hihg-density lipopro-
The aim of the study was to evaluate risk factors of cardiovascular diseases as well as the effect of hemodialysis (HD) on the frequency of these diseases in patients with diabetic nephropathy. In addition, the frequency of cardiovascular complications were analyzed.
PATIENTS AND METHODS
4 groups of patients with renal failure treated in the Dialysis Centre and the Outpatient Clinic of Nephrology (the Danish Red Cross SP ZOZ ZZ in Maków Mazowiecki) in the years of 2000-2004 were studied ( Table 1 ). The study was retrospective. The patients' medical records and dialysis protocols were analyzed. The study was approved by the Bioethical Committee of the Regional Medical Chamber in Warsaw.
Group 1 included 71 hemodialyzed patients (22 women and 49 men) from 18-82 years old. The patients had been hemodialyzed 3 times a week for 0.5-23 years (the median of 3.92 years). 66 patients (93%) were dialyzed through the arterio -venous shunt, and the others through the Perm--Cath intravenous catheter. The causes of renal failure were: glomerulonephritis (n = 32), polycystic kidneys (n = 9), chronic pyelonephritis (n = 5), arterial hypertension (n = 5), systemic vasculitis (n = 2), drug -induced renal damage (n = 2), cancer (n = 3), inter stitial nephritis (n = 1), amyloidosis (n = 1), Alport syndrome (n = 1), uric acid diathesis (n = 1), rheumatoid arthritis (n = 1), vesico -ureteral reflux (n = 1), renal artery stenosis (n = 1), injury (n = 1) and tuberculosis (n = 1). In 4 cases the cause of end -stage renal failure was unknown. 19 patients (27%) were cigarette smokers.
Group 2 was composed of 29 patients (15 women and 14 men) with nephropathy induced by type 2 (n = 26) and type 1 diabetes mellitus (n = 3) at the age of 28-78 years, who were treated with hemodialysis. They had been hemodia- Values given as average ±standard deviation.
Abbreviations: BMI -body mass index, DM -diabetes mellitus, HD -hemodialysis, CKD -chronic kidney disease, NS -not significant ence of a scar following myocardial infarction, or silent myocardial ischemia, arrhythmia (atrial fibrillation) and left ventricular hypertrophy using the Sokolow -Lyon index. A transthoracic echocardiographic examination was carried out using a TS 1000 exd device by the Echoson company, with a 3.5 MHz sector transducer, in M -mode and 2D, applying standard procedures. The following were evaluated:
-end diastolic thickness of the ventricular septum -end diastolic thickness of the posterior wall of the left ventricle -left ventricular ejection fraction -aortic valve surface area -mitral valve surface area.
In addition, calcification of the aortic and mitral valves were evaluated. The left ventricular myocardium contractility was subject to qualitative analysis. In hemodialyzed patients the examination was performed between the times of HDs.
Obesity was diagnosed as body mass index (BMI) >25 kg/m 2 . The ankle -arm index was measured using a Sonomed Doppler ultrasound flow detector (Sonomed, Warsaw) with teins (HDL), potassium, calcium, phosphates, para thormone, iron and ferritin.
Arterial blood pressure was also subject to evaluation (taken after hemodialysis). It was taken using a manual spring sphigmomanometer. In patients without arterio-venous shunt, blood pressure was taken on the arm with higher blood pressure values at the initial visit. The cuff size was selected according to the patient's arm perimeter. Measurements were taken three times in the sitting position. The first one was taken 10 minutes after the patient's rest, and the following two measurements were made with 2 -minute inter vals. In hemodialyzed patients the mean value of 3 consecutive measurements during hemodialysis protocols was taken into consideration, whereas in pre -dialysis patients -that of 3 consecutive visits. Arterial hypertension was diagnosed at the value of >140/90 mmHg.
Resting ECG was performed in all the patients using an AsCARD 3 device. Tracing from 12 standard leads was recorded with a chart speed of 50 mm/s. In hemodialyzed patients ECG was performed after HD. In the analysis of the ECG tracing, particular attention was paid to the pres- Table 1 ORIGINAL ARTICLES viation). The calculations were made using the STATISTICA 6.0 software (StatSoft Inc., USA).
RESULTS
Population data and differences in the frequency of classical risk factors of cardiovascular complications in the groups studied are presented in Table 1 . In the groups studied no differences in age and sex were found. The majority of the cigarette smokers were pre -dialysis patients. Obesity more often occurred in patients with diabetes; however, it was only statistically significant between groups 3 and 4. The differences in laboratory investigation results between the groups studied, including risk factors of cardiovascular complications specific for the population with chronic renal disease, were presented in Table 2 . With respect to the pharmaco logical treatment, the intergroup differences were reffered to hipo tensive therapy (Table 3) .
Arterial hypertension in the groups studied was 89% in group 1, 93% in group 2, 80% in group 3 and 96% in group 4. No difference between the groups was observed (Figure 1) .
A <130/80 mmHg reduction in blood pressure in the groups studied was achieved in: group 1 -in 49%; group 2 -in 48%; group 3 -in 10%; and group 4 -in 16% of the patients. Lower blood pressure values were shown in group 1 compared to group 3, and group 2 vs. group 4. No significant differences were observed between groups 1 and 2, or groups 3 and 4.
In order to achieve a blood pressure of <130/80 mmHg multi -drug therapy was required in: group 1 -15%; group 2 -27%; group 3 -58%; and group 4 -28% of patients. Multi--drug therapy was significantly less frequently used in group 1 patients than in groups 2 and 3, as well as in group 4 compared to group 3. There was no difference between groups 2 and 4.
The prevalence of left ventricular hypertrophy in the groups studied, assessed on the basis on ECG, was: 58% in group 1, 44% in group 2, 26% in group 3 and 28% in group 4. Left ventricular hypertrophy was more often found in group 1 than in group 3, and in group 2 than in group 4. There were no differences between groups 1 and 2, or groups 3 and 4. Atrial fibrillation in the groups studied was detected a 5 MHz transducer. Peripheral arterial obstructive disease was diagnosed at an ankle -arm index value of <0.9.
The frequency of ischemic heart disease, myocardial infarction and chronic heart failure (according to the NYHA classification) was established based on the history and abnormal results of the above -mentioned examinations.
Statistical analysis
An analysis of the distribution of variables was made using the Shapiro -Wilk test. In order to compare the measurements of many groups single -factor analysis of variance was applied (ANOVA). In the case of statistically significant differences the Tukey test was used for the post hoc analysis. For the comparison of variables with normal distribution in only 2 groups, statistical hypotheses were checked using the t -Student test for independent variables. For variables with a distribution other than normal, we used the U Mann -Whitney test.
Variables in the nominal (qualitative) scale were compared using the χ 2 Pearson test with Yates' correction, or the Fisher test for an expected number of less than 5.
Zero hypotheses were rejected at p <0.05. The results were presented as the arithmetical mean of ±SD (standard de- 
ORIGINAL ARTICLES DISCUSSION
A retrospective analysis showed that in patients with diabetic nephropathy there was more risk factors for cardiovascular complications and they ran a worse course than in patients with non -diabetic nephropathy, although the number of classic risk factors is similar in both groups.
Over half of the patients had anemia prior to renal replacement therapy. This occurred in each of the groups studied. Lower values of complete blood count were found in hemodialyzed patients in comparison with pre -dialysis patients, despite the fact that all hemodialyzed people receive erythropoietin (erythropoietin α or β), as well as intravenous iron. The para meters of iron meta bolism, i.e. iron and ferritin, were within reference ranges. The mean values of complete blood count in the groups studied were lower than the normal ones. The patients in the pre -dialysis period were administered erythropoietin [16] .
In the group of hemodialyzed patients, higher calcium and phosphates, as well as calcium -phosphate product beyond the reference value, were found in patients with non -diabetic nephropathy. No differences were shown in the pre -dialysis population, which may suggest that the duration of nephropathy and the therapy applied including renal replacement therapy worsen the disturbances in the calcium -phosphate balance. In the hemodialyzed patients, parathyroid hormone (PTH) concentrations in non -diabetic patients were found to be higher than in the diabetic ones, which was most likely because hyperglycemia and insulin deficit inhibit PTH secretion. Similar results were presented by Gupta et al. [17] . In the hemodialyzed patients calcium -phosphate disorders were treated with calcium carbonate and active vitamin D 3 (alphacalcidol); the synthesis of the latter as well as the response of target tissues to it were markedly inpaired [18] . In the patients studied higher triglycerides and lower HDL cholesterol were found in diabetic patients, both in those treated with in: 24% in group 1, 7% in group 2, 2% in group 3 and 10% in group 4. Cardiac arrhythmias were more frequently diagnosed in group 1 than in groups 2 and 3, and less frequently in group 3 than in group 4. No difference was found between groups 2 and 4.
The thickness of the left ventricular myocardium (septum), evaluated on the basis of echocardiography, was significantly larger in group 1 than in group 3 and in group 2 than in group 4 ( Figure 2) .
Cardiac contractility disorders more frequently occurred in group 1 than in group 3, and in group 2 than in group 4. No differences were observed between groups 1 and 2 and between groups 3 and 4 ( Figure 3) .
Dysfunction of the mitral valve on echocardiography was more frequently observed in group 1 (30%) than in group 2 (11%), and in group 1 than in group 3 (5%). No differences in the frequency of the aortic valve defect were found.
Coronary artery disease less frequently occurred in group 1 than in group 2, and in group 3 than in group 4 ( Figure 4 ). There were no differences between groups 1 and 3 and between groups 2 and 4.
The prevalence of myocardial infarction in the groups studied was: 15% in group 1, 31% in group 2, 6% in group 3 and 13% in group 4. Myocardial infarction occured more frequently in group 1 than in group 3, and in group 2 than in group 4. No differences were observed between groups 1 and 2 and between groups 3 and 4.
Cardiac failure was more prevalent in group 1 than in group 3, and much less in group 3 than in group 4 ( Figure 5 ). No differences were found between groups 1 and 2 and between groups 2 and 4.
Peripheral arterial obstructive disease of the lower extremities less frequently occurred in group 1 than in group 2, whereas more frequently in group 2 than in group 4 (Figure 6 ). The comparison of the above -mentioned para meter in groups 3 and 4 showed the value of p close to the level of statistical significance (p = 0.08). ease [22 -24] . In the previous studies arterial hypertension was found in over 80% of patients in both groups. It should also be noted that in high -risk patients with arterial hypertension it is usually necessary to use 2 or more hipo tensive drugs in order to achieve blood pressure values of <130/80 mmHg (which was presented in the 2007 ESH/ESC guidelines for the treatment of arterial hypertension) [25] . The above conclusion was confirmed in the current analysis. Among the pre -dialysis patients BP values of <130/80 mmHg were obtained in 10% of patients with diabetic nephropathy and in 16% of patients with non -diabetic nephropathy. Multi -drug therapy was necessary in 58% of patients with diabetic nephropathy and 28% of patients with another type of nephropathy. Since in the development of hypertension a substantial role is played by water and salt retention, along with the decrease of GFR, the control of arterial blood pressure in dialyzed patients should involve an appropriate assessment of fluid balance and an attempt to achieve the "dry body weight". Hypotensive drugs play a secondary role in dialyzed patients. In the hemodialyzed patients studied, a reduction in blood pressure to a value of 130/80 mmHg was achieved in about 50% of patients. Multi -drug therapy was necessary in 27% of patients with diabetic nephropathy and in 15% of patients hemodialyzed for other reasons. The evaluation of cardiovascular complications in the study groups was based on echocardiographic results, resting ECG and the ankle -arm index. Almost 75% of patients starting hemodialysis had left ventricular hypertrophy, whereas 15% had systolic dysfunction. Analysing the results of resting ECG and echocardiography in the group treated with dialysis and the pre -dialysis group one observes that myocardial hypertrophy occurs much more frequently in dialyzed patients than in those treated pharmaco logically. This is caused by the fact that hemodialyzed patients are at a higher risk of accelerated myocardial hypertrophy. The risk factors are: increased water and salt retention, the dialysis shunt, particularly with high flow, which is an additional burden for the circulatory system, and increased anemia. No statistically significant differences were found between subjects with diabetes and those without diabetes. One should note, however, that patients with diabetic nephropathy were treated for a shorter period, had more frequent medical examinations (follow -up in the outpatient clinic in the pre -dialysis period) and compliance checks.
In the studied groups the mitral valve dysfunction was most frequently found in the group of dialyzed patients with non -diabetic nephropathy; no statistically significant differences were found between the groups concerning the aortic valve dysfunction. The increased frequency of valvar defects in dialyzed patients is associated with more frequent disorders of calcium -phosphate meta bolism as well as a longer duration of dialysis therapy [26, 27] . This causes the progressive calcification of valvar annuli and cusps, particularly in the aortic valve (in approx. 55% of patients) and the mitral valve (approx. 40%), which additionally increases the risk of death among those patients [28, 29] .
hemodialysis and those in the pre -dialysis period. The lipid disorders particularly occurred patients with type 2 diabetes mellitus; the disorders were accompanied by obesity, assessed using BMI, which can be encountered much more frequently in this population of patients. Similar results were obtained by Howard et al. as well as Laakso et al. [19, 20] . No such differences in LDL and total cholesterol were found. It should be noted, however, that even though the absolute values of the LDL cholesterol fraction are not elevated, it has been shown in many papers that the risk of atherogenesis in this group of patients is higher due to the predominance of small dense LDL particles (subclass B LDL), which are atherogenic. HDL cholesterol is a proportional, whereas total cholesterol is, paradoxically, an inversely proportional predictive factor of cardiovascular events. Despite the results of the 4D study (Die Deutsche Diabetes Dialyse), the use of statins in patients with end -stage renal failure produced no benefits [21] .
An independent risk factor for cardiovascular complications in patients with renal disease and dialyzed patients is arterial hypertension, which increases the progression of renal dis- It is worth noting that myocardial infarction is more common in hemodialyzed patients than in those treated pharmaco logically, both in the group with diabetic nephropathy and in the group with any nephropathy other than diabetic. No difference was found in the prevalence of myocardial infarction. The risk of death for myocardial infarction in patients with diabetes and silent ischemia is higher by 20% than in people with symptomatic ischemia, which is probably associated with a delay in the appropriate treatment; however, uremia and concomitant diseases, as well as delayed implementation of dialysis therapy and the dialysis itself in patients without diabetes clearly increase the risk of myo cardial infarction.
Heart failure is much more common in hemodialyzed patients than in those treated pharmaco logically, and in patients with diabetic nephropathy in the pre -dialysis period than in non -diabetic subjects. As Hillege et al. noted, with the progression of renal failure there is also a deterioration of congestive heart insufficiency [34] . In diabetic patients, the major factors that contribute further to heart failure include: cardiac microangiopathy, neuropathy of the cardiac auto nomous nervous system and disturbed meta bolism and fatty degeneration of the myocardium developing in uncontrolled diabetes mellitus (HbA 1c levels in persons in the pre -dialysis period are higher than those in dialyzed subjects). Ischemic changes of the lower extremities were evidently more common in diabetic patients, particularly in those treated with dialysis, which confirms marked effect of diabetes mellitus and end -stage of renal failure on the acceleration of atherogenesis. Atherosclerotic vascular disease of the lower extremities occur in 25% of diabetics, with an almost similar prevalence in both sexes; lesions occur at an earlier age and progress more rapidly [35] .
A limitation of this study might be the relatively small groups of patients representing a single dialysis center. The observation is being continued in order to prospectively assess the course of the disease and the complications in patients treated pharmaco logically and with hemodialysis.
The study results lead to the conclusion that risk factors of cardiovascular complications are more frequent in patients with diabetic nephropathy than in those without diabetes. It was also noted that hemodialysis increases the prevalence of cardiovascular complications in those patients and worsens their course, which may partly result from the stage of the disease. In end -stage renal failure, dialysis is the therapy of choice due to the pancity of organs for transplantation. Pharmaco logical therapy used at initial stages of renal failure effectively slows the progression of the disease.
In the present work, the prevalence of cardiac arrhythmias were also subject to analysis. Cardiac arrhythmias are more frequent in dialyzed patients than in those treated pharmacologically, which probably results from more common electrolyte disorders such as hypo-and hyperpotassemia, mainly associated with nutritional errors, but also with damaged structure and impaired function of the myocardium. Among patients with diabetic nephropathy, fluctuations of glycemia, both hypo-and hyperglycemia, as well as insulin itself and concomitant cardiac ischemic disease and diabetic nephropathy are all conducive to cardiac arrhythmias.
In the diagnostic evaluation of cardiac ischemic disease, resting ECG and the echocardiographic evaluation of contractility were taken into consideration. On analysing the prevalence of contractility disorders in the studied groups, it was shown based on echocardiography, similarly to Goodman et al. [30] , that there were much more frequent contractility disorders in the dialyzed patients than in those in the pre--dialysis period, as well as in the patients with diabetic nephropathy treated pharmaco logically than in the non -diabetic patients. Chronic coronary artery disease occurs much more commonly in patients with diabetes mellitus even prior to renal replacement therapy irrelevant of the degree of renal damage [31] . In patients with renal failure it has an asympto matic course approx. 10 times more frequently than in the general population, whereas in patients with diabetic nephropathy it is almost always asymptomatic. The prevalence of heart ischaemic disease in the studied group was greater among patients with diabetic nephropathy compared with the patients with non -diabetic nephropathy, both in those treated with hemodialysis and those treated pharmaco logically (which was also shown by Herzog et al. [32] ). On the other hand, no difference was shown between the groups with chronic renal disease without diabetes, which confirms the fact, the diabetes itself is a strong and independent risk factor of heart ischemic disease [33] . 
